Abstract: The diagnosis of deviations in quality of yogurt is performed by approved methods set out in
INTRODUCTION
The Bulgarian yogurt is fermented milk product by the action of yeast of Lactobacillus bulgaricus and Streptococcus thermophilus. The resulting product must contain live bacteria. In some countries rather than those fermented milks contain other bacteria [9] . For now, in our country the diagnosis of deviations in quality of yogurt is done by approved methods set out in Bulgarian national standard (BNS) and adjacent regulations. The basic method of evaluation of the microbiological quality of the product is the microscopic [23] . The evaluation of the microbiological quality of the yogurt is made by expert exclusively on the basis of visual assessments. The expert as a part of the rating methodology brings a subjective element depending on qualifications and experience, which makes technology irreproducible and relatively not sufficiently precise and effective. The advantage of automated assessments, in which the human factor plays a minor role, is their objectivity, accuracy and performance. That is why the creation of effective automated technologies for assessing the quality of yogurt is an important and priority task. The analysis of the recently published studies shows that for recognizing and determining the number of bacteria in biological products, the use of systems for receiving, processing and image analysis is important priority direction for the automatic determination of their specific characteristics. Explanation is that the systems for pattern recognition in the most natural way to interpret this particular expert activity [2, 3] . Creation of new and optimization of existing mathematical models and statistical methods, along with the realization of their algorithms for extraction, transformation and use of the information obtained in grading are the main areas in which work in the field of automated grading of dairy products. In automation, monitoring and management of these processes require easy to use procedures relatively fast data processing, low requirements for technical realization of the developed systems [2, 4] . The aim of this report is to assess the possibility of application of a method of processing and analysis of images in determining the microbiological quality of yogurt.
EXPOSURE
The method for segmentation by template matching is one of the main, for the analysis and yield useful information about the practice from images. The techniques of this method are used in signal processing and pattern recognition to track objects, stereo vision, video compression, restoration of old photos [14] . In the method of segmenting by template matching, the belonging of the elements of the image to a certain image determines the degree of its matching with a rigid set of templates specified by the developer of the system [28] . The multitudes of representative points are formed most of the points located on the edges, contours and peaks of the corners of individual objects in the image because they bear the greatest information about its features. These characteristic points can be extracted from the source images in a variety of methods and algorithms, subject to various criteria. Figure 1 shows the principle of the method of segmentation by template matching. In this method, image template of object is compared with all possible points from a source image and calculate a numeric index showing the coincidence of the template with some part of the image. The comparison is pixel by pixel. The actuality of the problem of object recognition by template matching can be shown with the number of scientific publications and citations in this area [19] . Figure 2 illustrates the relationship between the number of publications and citations of this when searching the Internet database ScienceDirect by keyword "template matching". Besides the large number of publications in recent years (2012-2016) reached more than 7000, the number citations in this area also increases. The correlation between these two indicators is above 0.8. This shows that the presented method is actively used for object recognition in images. a) number of publications b) correlation between publications and citations Figure 2 . Search results in ScienceDirect by keyword "template matching"
The problem of the search comes down to choice or synthesis of criterion for similarity and calculate its estimates and therefore quickly appear different search algorithms. The search is often placed in aggravating circumstances when the image is subjected to disturbing effects it as linear or nonlinear distortion, shifts, rotations, zoom and more. The real problem, however, comes from the fact that, in general, need to look no small template in quite large picture, which means that digital data that must be processed become too large in volume and many algorithms do not work in practice because of the large time required to perform the calculations. Thus arises a new problem -fast-action of the algorithms. One of the main approaches to increase the speed of calculation is appropriate to reduce the volume of non-essential information [24] . The use of the method for segmenting of images using template matching for pattern recognition and counting the bacteria is appropriate when subjects have some similarities. The templates also need to provide the full range of options for the type, spatial, color, texture, the distance between them. The method is suitable for use when detected objects have relatively many differences between them. Shimada et al [20] used a slightly different approach. They use the method of segmentation with template matching by using three-dimensional images obtained by grouping the twodimensional ones. The method is used for counting nuclei in the cells recognized by voxels (three-dimensional equivalents of the pixels) which are used as templates. Kothari et al [12] used for the same purpose spherical templates. The advances in biotechnology led to the need to adapt the microbiological techniques in many fields of applied biology. "Color-Pro" software has functions that can be used for counting of bacterial colonies. Various parameters of the colony as intensity, size, shape, connectivity and color image can be determined in colony count. Young et al [26] offer a solution to some issues arising from the use of the method of template matching in identifying the bacteria in microscopic images with differential interference contrast. The use of such images is complicated from a technical standpoint because of the way in which light affects the final image. Other problems in these images are different sizes and orientation of cells. Proposed by the authors method compensates these problems. Miroslaw et al [15] used correlation methods for automatic detection of mitotic cells. These are the cells, split into two separate cores, but with identical chromosomes. The receipt of color digital images is by a camera attached to the eyepiece of a microscope. Since the recognized cells are identical in shape and form and they are uniform, the authors have preferred method for segmenting by template matching. The templates are derived from three-dimensional data model. Then honed by the test images. Three-dimensional models differ depending on the type of cells. For example, in one type of cell as a template has been used black circle with a white brim, while others circle is white and the periphery -black.
In his dissertation work Elshenawy [7] develops automatic image processing system to process and analyze embryo microscopic images by detecting cells in embryos and compares their properties as criteria is reimplantation. The main problem is the overlapping of the cells in the images, another disadvantage is the brightness and dimensions which vary within wide ranges. These problems are affected in the development of recognition algorithm. After define the perimeter of the embryo are applied several techniques to separate the edges -Sobel, Prewitt and Canny as preliminary operations for applying Hough transformation. Out of 94 are identified only 62 cells (65%). These poor results prompted the author to apply the method for segmentation by template matching using several different templates of different sizes as defined criterion by which to choose size, suitable for detection of objects studied. Used is the sum of absolute difference (SAD) and a normalized cross-correlation (NCC). The author reports that the second method gives better results than the first of the studied sites. Recognition accuracy was increased to 80%.
MATERIAL AND METHODS
Object of the survey are color digital images of micro-samples of yogurt. Subject to the study is the detection and enumeration of bacteria of the genus Lactobacillus in digital images. Micro-morphological characterization shows that dominate short, but there also are longer sticks. The location of the bacteria is in single formation, in pairs or in short chains. The observed morphology and the criteria by which is performed their selection shows their possible belonging to the genus Lactobacillus. The laboratory staging for capturing and analyzing of images include personal computer, microscope, camera and software for processing of data, is described in detail in [27] . Methods and tools of Matlab Statistics Toolbox and Data Analysis Toolpack of MS Excel are used in order to processing, analysis and visualization of data and results of this work. The collection, processing and analysis of images can be realized through various programming languages and software environments such as C, C ++, Java. A programming platform Matlab is selected because it provides a programming language for high-level, interactive development environment algorithms, data visualization, data analysis calculations. Matlab is used in many areas such as signal processing, imaging, spectral characteristics, study of automatic control systems. There are many toll boxes containing built-in functions, including libraries for image processing. Vector and matrix operations are supported that are crucial in engineering calculations and image processing. This programming environment provides rapid development of algorithms that focus the user on solved problem, not in the details of the program code.
METHODS FOR SEGMENTATION BY TEMPLATE MATCHING
Basic methods for pattern recognition by template matching and their mathematical description are presented in Table 1 . In formulas involved the main image f and the template t, described by their pixels. In addition to these basic methods in practice are used variants or combinations of different methods. For example, correlation and fast Fourier transform; correlation and inverse Fourier transform.
In Table 2 the advantages and disadvantages of using of methods for segmentation by template matching are given. The next is short description of each method separately. Influenced by the background image [8] Pyramid sum of absolute difference (PSAD)
Reduces computation time and improves recognition accuracy Not used directly for recognition [11] Sum of Hamming Distance (SHD)
Used primarily to determine the difference between signals Not used directly for recognition [6, 8] Asymmetric correlation (ASC) Is not affected by noises Slow method [1] Pyramid sum of absolute difference (PSAD). The function is not used directly for recognition. The purpose of its use is accelerating the computing process. It affects the overall performance of the main algorithm reduces computation time and improves recognition accuracy. It is especially suitable for images with noise. Using this feature also serves to exclude areas of the main image, are not relevant for recognition. It is suitable mainly in cases where the template and the main image have not degradation [6] .
Sum of Hamming distances (SHD).
The method has a low coefficient of location and calculates distance between the strings, instead of between matrices. Used primarily to determine the difference between signals [11] .
Asymmetric correlation (ASC).
The asymmetric Correlation function is sensitive to light of the image, but is resistant to the noises. It correlates with irregular pattern normalized version of each window from the main image in the frequency domain. The function is much more stable compared to the direct use of correlation coefficients. The direct use of asymmetric correlation is a slow process as the discrete Fourier transform is calculated for each window separately. To speed up the calculation process are developed algorithms working in the time domain and discrete Fast Fourier Transform is calculated only for windows for which it is necessary [8] .
ALGORITHMS FOR SEGMENTATION BY TEMPLATE MATCHING
Algorithms for recognition by template matching are selected, that are readily available on the Internet and use basic methods as Corr, NCC, FFT etc. [13, 22] . The algorithms are used in their original form without modification. A description of the selected algorithms is made, as well as a comparative analysis by which can be determined their effectiveness.
Algorithm (A1).
In algorithm 1 is used function normxcorr2 for normalized cross-correlation between matrices. An area with maximum correlation is Detected and the results are displayed graphically. In the algorithm is used B color components from RGB color model rather than as in most known ones that use levels of gray. 
Algorithm 3 (A3).
As with the first algorithm in the algorithm 3 is used B (RGB) color component. The typical here is that it is drawn a correlation matrix by two nested loops of type For-End. The correlation function is calculated by corr2 unlike the first algorithm, which uses the normalized correlation. Figure 6 presents the performance of algorithm 4. Displayed are the main image and the template. Appears correlation in the entire image with template using the same functions for presentation as in algorithm 3, but here the color scheme is gray, realized by function colormap (gray). Finally is displayed portion of the main image by superimposed on its template. Figure 6 . A work result of the algorithm 4
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Algorithm (A5). Algorithm 5 use function of normalized cross-correlation as the first A1. The difference consisted in the fact that the images are converted to gray, and then into binary, and not as in the first, third and fourth algorithms using color components. Figure 7 shows the performance of the algorithm 5. Here the authors of algorithm preferred putting the results on a common graphic screen. Displayed are the main image and the background converted to black and white. The correlation is presented in levels of gray. Finally, is presented the main image with template affixed on the recognized object. Figure 8 presents the performance of the algorithm 6. The correlation between various points of the image and the template is provided on the three-dimensional graphics. Displayed is a rectangle on the recognized object. Finally, it is presented a two-dimensional graph of the correlation. In summary it can be said that some of the submitted algorithms are used color components and other conversion into grayscale. The latter is the preferred method for image processing, but It has some drawbacks. Conversion to grayscale requires mathematical apparatus that has multiple options for decision. Not all manufacturers of software tools provide information on what functions for conversion into levels of gray are used in their products. The transformation of the image into binary, regardless of the manner of processing facilities and the smaller the necessary computational resources also have some disadvantages. In this transformation, determining which pixels will be white and black which depends on the threshold of binarization. The use of loops of the type For-End, and the nested loops of this type considerably increase the time for processing the data. Each algorithm has its advantages and disadvantages. Some are more reliable than others. Third are easier to analyze mathematically. The choice of algorithm is a decision that may be influenced from many factors. The algorithm must meet several criteria. Examples of such criteria are: What will be used? How easy and convenient it is the use of the algorithm? What load can bear the resources of the computer system? [16, 21, 25] . Table 3 . Analysis of Algorithms Table 3 presents the results of the analysis of the selected algorithms. The number of operations in the algorithm are within 97 to 295 while the number calls move in much wider range. This is due to the use of loops of type For-End in the main program. Of particular importance is the problem with using nested loops. For example, in algorithm 3 it causes an increase in the number of calls to a single operation to 251028. Another disadvantage of this algorithm is to use the basic function of correlation Corr, whose problems have been discussed in previous sections of this work. In the other 5 algorithms the number of calls to an operation is up to 7-36. The number of operations performed visibly does not affect the other characteristics of the algorithm, but it must be proven by determining the time for execution of various algorithms.
In the available literature [8] states that in addition to the elements of the algorithm on its performance affects the size of the used template. Figure 9 and Table 4 presents the results of the time of recognition of bacteria depending on the image size of the used templates. It is seen that the size of the template affects a significant impact on the execution time of various algorithms. It is seen that in the algorithms that use the loop of type For-End, the processing time is greater than the other. Such algorithms are 3 and 6. Table 5 presents the results of two-factor analysis of variance, which determines whether the execution time depends on the algorithm used. The value obtained at the level of significance p << 0,05 with a margin of error ε = 0,05 shows that the impact on performance of the algorithm has a the number of calls to one operation. This number is the greatest in Algorithms 3 and 6, which are also as stated above using loops of the type For-End and nested ones. The same results were obtained when determining the correlation between the execution time of the algorithms and the number of operations. In the above initial conditions and set criteria is established correlation above 0,95 between execution time and the number calls to a single operation (Table 6 ). Development of algorithm for simultaneous recognition and counting of bacteria in microscopic images of yogurt. From the comparative analysis of basic recognition algorithms for segmentation using the method template matching is established that the to recognize of bacteria in yogurt is appropriate to use algorithms using color components, Fourier transformation and that not use nested loops. 
CONCLUSION
The diagnosis of deviations in quality of yoghurt in Bulgaria is carried out by established methodologies defined by Bulgarian national standard and additional regulations. The basic method of evaluation of the microbiological status of the product is the microscopic. The method is subjective and requires significant time for preparation and evaluation of the samples. Accuracy of diagnosis is not high and depends largely on the qualifications of the expert. These are the reasons to seek ways to partially or fully automate the process of monitoring and evaluation of production using more advanced methods. Such that mimic the visual assessment of the expert -based on analysis of digital images. The use of methods for image processing requiring a long time for a decision, and based on a large volume of computational procedures, is impractical in consideration tasks. In the selection of an appropriate algorithm of recognition the main criteria to be observed are relevance, effectiveness and time, high enough accuracy. The method for segmentation by template matching is chosen because when searching and comparison with reference objects in the image, the process is not affected by its location. An advantage of the method is that it is resistant to noise and faster than other methods of identification. A comparative analysis is made of the more famous and accessible algorithms for segmentation by template matching in terms of their fast response and basic functions used for comparison. Besides the basic methods in practice are used variants thereof or a combination of different methods. Especially importance in recognition algorithms from a template is the problem with the use of nested loops. The number of operations performed visibly does not affect other characteristics of the algorithm. This is proven by analyzing the execution time of various algorithms. From the study it is found that in addition to the elements of the algorithms on their operation affects the size of the template used.
